hypothesized to have lower ACQ scores than students in usual-care schools. Results: Of 393 enrolled students, 189 students receiving immediate intervention and 143 students receiving delayed intervention provided 1 or more ACQ data points, were between 6 and 10 years of age, and were included in the primary analysis. At baseline, 39% of students reported taking a controller medication, and 24% had well-controlled asthma. Eighty percent of students receiving immediate intervention were prescribed mometasone. Schools administered 98% of prescribed doses when students attended school. Absences, weekends, and holidays reduced calendar adherence to 53%. During the first year, the mean ACQ score for students receiving immediate and delayed intervention was 1.55 (95% CI, 1.41-1.70) and 1.64 (95% CI, 1.47-1.80), respectively. The estimated treatment effect was 20.08 (95% CI, 20.31 to 0.14). Discussion: Compared with usual care, supervised therapy did not improve asthma control among this population of Latino students. Additional research is warranted to confirm these results. (J Allergy Clin Immunol 2019;143:755-64.)
Key words: Schools, anti-inflammatory agent, medication adherence, asthma, child, directly observed therapy, randomized controlled trial, inhaled corticosteroid, cluster randomized trial Medication adherence among children with asthma in the general population is insufficient to maximize symptom control and minimize exacerbation risk. For example, 14% of patients prescribed an inhaled corticosteroid (ICS) will never fill it, 29% will fill it once; 54% will refill it sporadically, and a mere 3% will refill it frequently enough to exceed 75% adherence. 1 Long-term adherence in clinical trials with motivated and monitored participants is only marginally better. For example, just one quarter of participants in the Childhood Asthma Management Program exceeded 80% adherence during the study's fourth year. 2 Because nonadherence is an important cause of preventable morbidity, 3 the National Asthma Education and Prevention Program and the American Academy of Asthma, Allergy & Immunology have urged researchers to develop more effective adherence programs. 4, 5 Schools are a logical setting to deploy such programs because schools are where children congregate, spend much of their day, and are frequently monitored. 6 Engaging schools can also cost effectively reach the urban disadvantaged minority populations with the lowest adherence and highest morbidity. 7, 8 Some programs have supervised the use of a once-daily ICS regimen at school (supervised therapy) to increase medication adherence. Supervised therapy programs typically involve case identification, clinical assessment, medical care, asthma education, and care coordination. 9 The specifics of program implementation are influenced by the research team's experience, the school's health resources, the population's unique sociocultural determinants, and the local health system's configuration. Several randomized controlled trials have shown supervised therapy to improve asthma control, reduce school absences, and decrease health care use. [10] [11] [12] [13] [14] Successful program implementation requires intellectual, organizational, and operational capacity that many schools lack. Researchers have used their expertise and institutional resources to create the necessary conditions to implement and evaluate supervised therapy's efficacy to address these gaps. For example, researchers have used pulmonary function tests to confirm asthma diagnoses, provided medications at no cost, coordinated care with medical providers and health insurance companies, and built Web-based monitoring systems to track daily symptoms.
Although necessary, these activities have limited our understanding of supervised therapy's effectiveness under real-world conditions. To address this knowledge gap, we conducted a comparative effectiveness study in elementary schools serving primarily Latino students from disadvantaged communities in Tucson, Arizona. Although these schools lacked the resources to independently implement supervised therapy, we minimized our research team's engagement by modifying a study design we previously used in Birmingham, Alabama (see Table  E1 in this article's Online Repository at www.jacionline.org). 12 We hypothesized that supervised therapy would improve asthma control, reduce school absences, and prevent asthma-related health care use.
METHODS
The Supervised Asthma Medicine in Schools (SAMS) study was a 2-year, cluster randomized, delayed intervention trial that compared supervised therapy with usual asthma care practices (Fig 1) . During 2014-2015 (year 1), schools were randomized to immediately initiate supervised therapy or delay implementation until 2015-2016 (year 2). The delayed intervention design, which is similar to a stepped-wedge design, 15 simplified program implementation, enhanced recruitment, and ensured all schools would benefit from participation. 16 Cluster randomization standardized asthma care practices within schools and minimized cross-contamination risk.
Twenty Tucson Unified School District (TUSD) elementary schools were purposively selected to ensure that large urban schools serving students from low-income communities were disproportionately represented. Each elementary school had 1 full-time health assistant whose minimum qualifications included having a high school diploma, 3 years' experience, cardiopulmonary resuscitation certification, and first-aid certification. TUSD also used full-time school nurses who supervised 2 to 4 health assistants.
Selected schools were matched on student enrollment, turnover, ethnicity, and National School Lunch Program (NSLP) participation and then randomized in a 1:1 ratio to immediate or delayed intervention groups. Schools were randomized before students were recruited to facilitate implementation. Because placebo inhalers were unaffordable, the SAMS study was an unblinded open-label study. The SAMS study was approved and monitored by the Institutional Review Board at the University of Arizona and the Office of Curriculum and Instruction at TUSD.
All English-or Spanish-speaking students reporting asthma on school health forms were eligible. School health personnel began recruiting students in March 2014 by sending flyers home through the ''backpack express'' and making follow-up telephone calls to parents. Students could enroll at any point during the school year, with the largest number enrolling from August to October 2014 (see Fig E1 in 
Intervention
Students' need for daily controller medication was assessed at back-toschool clinics held at immediate intervention schools during the first year (in person) and at all schools during the second year (telemedicine). At these visits, study clinicians prescribed treatment based on parental responses from the baseline telephone interview, student-reported asthma control from that day's visit, and a brief physical examination. Treatment options included as-needed albuterol sulfate with or without a 110, 220, or 440 mg/d dose of mometasone furoate delivered through a breath-actuated dry powder inhaler. The original design planned to duplicate the students' at-home medication regimen, but unexpected federal budget cuts led us to seek a manufacturer donation of a standardized regimen instead.
After the clinic visit, individualized asthma action plans were sent home with students, mailed to parents and their child's primary asthma care provider, and maintained in the school's health office. Although parents were encouraged to continue their child's previous at-home medication regimen on weekends, holidays, and absences, no effort was made to facilitate adherence with this recommendation. By supervising medication administration on 5 of 7 weekdays, the SAMS study could have achieved a maximum calendar adherence level of 61% during the 9-month school year after accounting for weekends and school holidays.
Study medications for school use were provided to participants at no cost, secured in the school's health office, and refilled by research personnel as necessary. Supervised therapy was initiated when parents returned signed TUSD Medication Administration Record (MAR) forms to the school's health office. All medication administration was supervised once daily by school health personnel and documented in the student's MAR. Once initiated, treatment was continued until the end of the school year, up to 9 months in total. Treatment was discontinued over the summer break and resumed after clinical re-evaluation during the second year.
The research team provided certain resources at no cost to help schools initiate supervised therapy. All school nurses and health assistants were provided a half-day in-service training on asthma management practices and appropriate inhaler technique before the start of each school year. A certified asthma educator employed by the American Lung Association made frequent school visits to answer health assistants' questions, reinforce asthma training, and manage medication refills. During the first year only, a bilingual Latina nurse practitioner employed by the SAMS study provided clinical support and coordinated treatment changes with parents and asthma care providers. Letters were mailed to all local pediatricians, pulmonologists, and health clinics before starting supervised therapy to inform providers. The study was also presented at scheduled meetings of the various local medical associations.
Standardized asthma education
The Open Airways for Schools asthma self-management program was offered at immediate intervention schools during year 1 and all schools during year 2. 17 The program's 6 standardized, 45-minute, interactive, group-based lessons were conducted in the students' own schools and were led by trained public health undergraduate and graduate students. Although Open Airways for Schools was designed for students in grades 3 to 5, we modified it with American Lung Association assistance for use in grades kindergarten to 2 as well.
Primary and secondary outcomes
The primary outcome was the 6-item child version of the Asthma Control Questionnaire (ACQ). 18 This standardized instrument asked students to report their symptom frequency, symptom burden, and albuterol use during the past week. Lower scores on the 0-to 6-point Likert scale indicated better asthma control. Because the ACQ was only validated for children 6 to 10 years of age, results obtained from students outside this range at the time of the interview were excluded. The instrument was interviewer administered at school in English or Spanish up to 8 times over the 2-year study beginning at baseline and repeated quarterly thereafter.
Secondary outcomes included all-cause absences (TUSD school records) and asthma-related absences (parental interviews). Asthma-related oral corticosteroid (OCS) use, unscheduled clinic visits, emergency department visits, and hospitalizations were obtained from parental telephone interviews conducted up to 8 times during the 2-year study beginning at baseline and repeated quarterly thereafter. Controller medication adherence at school was obtained by means of annual review of student MAR forms. Controller medication adherence at home was not measured.
Power calculation
The primary hypothesis was that students in immediate intervention schools would have lower mean ACQ scores than students in delayed intervention schools during year 1. The SAMS study was originally designed to have 80% power to detect a mean group difference of 0.37 ACQ units or greater, assuming 490 students were enrolled in 16 schools, and the intraclass correlation coefficient was 0.15 or less. In actuality the SAMS study only enrolled 332 students with allowable ACQ scores, but this loss of power was offset by recruiting 4 additional schools and observing a lower than expected intraclass correlation coefficient value of 0. Ultimately, the SAMS study had 80% power to detect a mean group difference of 0.26 ACQ units or greater. The ACQ's minimally important difference (MID) is 0.4 to 0.5 units. 18, 19 Analysis plan A Gaussian hierarchical linear mixed-effects model was used to conduct a prespecified intent-to-treat analysis comparing group mean ACQ scores obtained during the 4 student visits during year 1. The model included fixed factors for intervention group, study visit, and an intervention group 3 study visit interaction. Random intercepts were included for each school and each student nested within the school. No clinical or demographic variables were included. The treatment effect was estimated by subtracting the model-estimated mean ACQ scores of students receiving delayed intervention from those receiving immediate intervention. Results are presented by using a point estimate and 95% CI.
A more comprehensive unplanned secondary analysis was undertaken that used ACQ scores from all 8 visits over the 2-year study and estimated the treatment effect by using 2 linear contrasts. The first contrast measured differences between students receiving immediate and those receiving delayed intervention during year 1, and the second measured differences between year 1 and year 2 among students receiving delayed intervention after adjusting for time trends. These 2 contrasts were combined to estimate the total treatment effect. A similar second unplanned analysis investigated the effect of supervised therapy after excluding students who were presumed to have intermittent asthma: students receiving immediate intervention not prescribed ICSs and students receiving delayed intervention who were not taking controller medication at home and whose baseline ACQ score was less than 1.25. Results are presented as point estimates and 95% CIs.
Secondary outcomes of absences, OCS use, and unscheduled care visits were modeled by using generalized linear models patterned on the prespecified intent-to-treat ACQ model described for the primary analysis. These models included a fixed effect for intervention group and estimated the treatment effect with the same linear contrast used in the primary analysis. Absences, OCS use, and unscheduled health care visits were aggregated over year 1. Because of this, fixed effects for study visit and the visit 3 group interaction were not included in the model. Similarly, because each student only provided 1 data point per analysis, these models did not include a random intercept for student. A random intercept for school was still included. These 3 secondary outcomes were fit to hurdle models to account for zero-inflated data. In the truncated Poisson portion of the models, offsets for log time were included; in the logistic portion, time was included as a covariate. Hurdle models were fit by using Bayesian regression methods with either an uninformative prior (unscheduled care visits) or an informative prior (absences and OCS use) distribution. 20 Emergency department visits were fit to a logistic regression model because very few children reported more than 1 visit. As in the logistic portion of the models above, time was included as a covariate; however, no random intercepts were included because of convergence issues. Because almost no children reported overnight hospitalizations, differences between groups were assessed with a Fisher exact test.
The relationship between asthma control (ACQ scores) at each child visit and medication adherence in the immediately preceding 28-day period was investigated by fitting a model to the ACQ data, with fixed effects for visit and a 5-knot restricted cubic spline for adherence and random intercepts for school and student within school. 
RESULTS
Although 393 students enrolled during year 1, only 332 (84%) provided sufficient data to be included in the primary analysis (Fig 2) . A greater proportion of eligible students enrolled from immediate intervention schools than delayed intervention schools (43% vs 35%, respectively; P 5 .01). Over the 2-year study, 93% of planned student interviews and 73% of parent interviews were completed. Detailed enrollment completion data are provided in Fig E1 and Table E2 in this article's Online Repository at www. jacionline.org.
Baseline demographic and clinical characteristics were balanced across groups (Table I) . Briefly, the students' mean age was 8.1 years, 63% were male, 75% were Latino, and 93% were eligible for the NSLP. Based on a mean monthly housing budget of $702 (SD, $262), students were estimated to reside in households with an average annual income of approximately $21,000, which is near the federal poverty level. 21 Nevertheless, few caregivers reported difficulty accessing or paying for asthma-related care, likely because most were publicly (74%) or privately insured (17% , Table II) .
At baseline, 39% of students reported controller medication use, and only 24% had well-controlled asthma. After clinical evaluation, 80% of students assigned to immediate intervention schools were prescribed mometasone during year 1, with 45% prescribed the 110-mg dose, 25% prescribed the 220-mg dose, and 10% prescribed the 440-mg dose. The remaining 20% of students were prescribed albuterol only.
Primary and secondary outcomes
During year 1, the group mean ACQ score for students receiving immediate intervention was 0.08 units (CI 95%, 20.31 to 0.14 units) less than that for students receiving delayed intervention (Table III) . This estimate was not statistically significant, and the 95% CI did not contain the ACQ's reported MID of 0.4 to 0.5 units. No differences in absences or health care use were observed (Table III) .
Medication adherence and school absences
During years 1 and 2, school health personnel administered 98% of all prescribed doses when students were present at school; however, adherence was lower than the hoped for 61% because of frequent absences. Supervising ICSs on days when students were present at school achieved a calendar adherence level of 53% (interquartile range, 51% to 57%) among students receiving immediate intervention during year 1 and 53% (interquartile range, 52% to 56%) among all students during year 2.
According to school records, students in immediate intervention and delayed intervention schools missed an average of 16 and 15 days, respectively, of the 180-day school year during year 1 (Table  III) . Only 4 to 5 of these absences were reported by parents to be asthma related. Using a threshold of 15 absences per year, 22 43% of students receiving immediate intervention and 37% of those receiving delayed intervention were chronically absent during year 1. Unplanned secondary analyses of asthma control using year 1 and year 2 data
We examined the robustness of our findings to alternative specifications using data from both years, thereby increasing the sample size to 386 students and increasing the total number of possible observations per student to 8. These analyses estimated the between-group difference during year 1 and the differences between years 1 and 2 for students who transitioned from delayed intervention to supervised therapy. This latter estimate was adjusted for a statistically significant temporal trend of 0.28 (CI 95%, 0.12-0.43) units of improvement per year (Fig 3) . By using both years' data, the estimated treatment effect of supervised therapy was 20.07 units (95% CI, 20.22 to 0.08). We repeated this approach among the 288 students most likely to have persistent asthma: students receiving supervised therapy prescribed mometasone by study clinicians in either year and students receiving delayed intervention during year 1 who used controller medication before enrollment or whose ACQ scores were 1.25 or greater at baseline. The estimated treatment effect was 20.12 units (95% CI, 20.30 to 0.05).
Relationship between adherence and asthma control
In an analysis comprising 230 students and 892 observations over 2 years, there was no relationship between ACQ scores and the preceding 28-day calendar adherence (P 5 .62, Fig 4) . This was true by level of assigned study medication dose (P 5 .15) and by adherence 3 dose interaction (P 5 .16).
DISCUSSION
Supervised therapy, as implemented in this unique population of elementary school students residing in urban disadvantaged Latino communities, did not improve asthma Missing data: health insurance, 12; medical home, 10; at-home medication, 20; needed medication but did not have it, 12; difficulty obtaining care, 9; difficulty paying for care, 9; used OCS, 19; had emergency department visit, 14; hospitalized, 13; clinician-rated control, 5, study medication regimen, 4; and atopic dermatitis, 14. No differences were observed between immediate and students receiving delayed intervention at a significance level of a P value of .05. ED, Emergency department; LTRA, leukotriene receptor antagonist. *Two students were maintained on their at-home regimen, with 1 dose supervised at school.
control, as measured by using the ACQ. The lower bound of the 95% CI estimating improvement in ACQ score, 0.31 units, was smaller than the instrument's 0.4 to 0.5-unit MID. 18, 19 Therefore, it is unlikely that a clinically meaningful improvement was missed because of inadequate power. This conclusion was also robust to alternative model specifications and was corroborated by a lack of improvement in absenteeism or health care use.
Comparisons with other large supervised therapy trials suggest several reasons why our approach might not have produced the expected improvements. Before addressing these points, it is worth briefly reviewing these past trials. Three trials conducted in Rochester, New York, evaluated the effect of supervised therapy on symptom-free days among children 3 to 10 years of age, 60% of whom were African American. In chronological order, these 3 supervised therapy trials increased the number of symptom-free days by a nonsignificant amount, by 0.92 (95% CI, 0.5-1.33) days per 2 weeks, and by 0.69 (95% CI, 0.15-1.22) days per 2 weeks. 11, 13, 14 A single trial conducted in Birmingham, Alabama, evaluated the effect of supervised therapy on a composite outcome, episodes of poor asthma control (EPAC), among children 7 to 16 years of age, 90% of whom were African American. For students in supervised therapy schools, the treatment group 3 year interaction was marginally significant at a P value Percentage with > _1 hospitalization 3 (0.6 to 9) 3 (0.3 to 9) P 5 1.0 § ED, Emergency department; OR, odds ratio; RR, rate ratio. *The model estimated mean ACQ score by intervention group from year 1 based on 332 students with 1 or more ACQs and 6 to 10 years of age. All-cause absences reported by TUSD. àAsthma-related absences reported by parents.
§Fisher exact test: No statistically significant differences were observed between students receiving immediate and those receiving delayed intervention at a significance level of a P value of .05. of .065 indicating that children in the supervised therapy group showed greater improvement. 12 Unlike previous trials, we allowed all students with self-reported asthma to participate without requiring evidence of persistent asthma. For this reason, 20% of our participants were not prescribed study medication and were unlikely to benefit substantially from our intervention. However, when these participants were excluded in a secondary analysis, there was no evidence that the remaining participants experienced a benefit either.
Unlike previous trials, we did not facilitate ICS treatment at home during weekends, holidays, and absences. Because community-based controller adherence is notoriously low, 1 many of our participants were using only ICSs administered at school. Because weekends, holidays, and absences reduced actual calendar adherence to 53%, supervised therapy might not have been sufficient by itself to improve asthma control. This hypothesis is supported by the absence of a relationship between 28-day adherence and ACQ scores.
At the population level, higher adherence is associated with better outcomes; however, at the individual level, the amount of adherence needed to achieve adequate symptom control remains controversial. 23 Some have argued that 80% or greater adherence might be necessary to achieve adequate symptom control 3, 24 ; others have argued that levels between 40% and 60% might be sufficient. 25 Across adherence levels between 25% and 75% in this study, there was no relationship between adherence and asthma control. If substantiated, this has important implications because these adherence levels are comparable with those routinely achieved in clinical practice. Future study is needed to more accurately define the minimum adherence needed to induce asthma control, minimize exacerbation risk, or both. 23 Unlike previous trials, we used a substantially different approach to measure asthma control. Instead of relying on parent-reported asthma symptoms based on daily diary recall, we relied on child-reported recall of similar domains captured on a standardized asthma control instrument. Based on recommendations established by the National Institute of Health/Agency for Healthcare Research and Quality, neither approach is clearly superior to the other in prospective trials of children with asthma. 26 Although it is tempting to attribute our null finding to this decision, it seems unlikely given that ACQ scores were sensitive to change in asthma control over time.
Lastly, the SAMS study was conducted in schools whose predominant minority population was Latino students of Mexican origin rather than African American students. Might our students have been less responsive to ICSs? Historically, the studies used to establish the efficacy of ICSs in children have relied on its effect in white children with additional oversampling of African American children. 27 In general, Latino children, particularly those of Mexican origin, have been underrepresented in clinical trials. 27 Although data on differential responsiveness are limited, a secondary analysis examining predictors of ICS responsiveness in children observed a clear benefit among non-Latino white children (hazard ratio, 0.37; 95% CI, 0.18-0.75) but not Latino children (hazard ratio, 1.16; 95% CI, 0.47-2.86). 28 Given that Latino children comprise 20% or more of the general population, 29 this question deserves future investigation.
Serving disadvantaged youth is one element all supervised therapy trials have had in common. Poverty is detrimental to a wide range of health outcomes, as evidenced by the 10-to 15-year life expectancy gap between the highest and lowest income earners in the United States. 30 Compared with children nationally, SAMS study students were half as likely to report excellent/very good health and were 3 times more likely to report fair/poor health. 31 Even when compared with children living in households at less than the 200% federal poverty level, SAMS study students were 25% less likely to have excellent/very good health and 50% more likely to have fair/poor health. 31 Disparities in asthma burden by race are well documented. 32 Disentangling the biologic, social, and environmental drivers of these disparities suggest that 50% can be attributable to socioeconomic hardship (eg, income and access to care) and another 25% to environmental exposures (eg, mold, dander, and pollutants). 33 For this reason, the effect of supervised therapy might have been attenuated by the social and environmental conditions of the student's lived experience.
One expression of this potential disadvantage is the dramatic rate of chronic absenteeism in our students. On average, SAMS study students missed 14 school days per year, with only 4 to 5 being attributable to asthma. By missing 15 or more days of school, 41% met the federal definition of chronic absenteeism. 22 Nationally, only about 10% of elementary students are chronically absent 22 ; however, schools serving low-income minority students are at greatest risk. 34 A comparable study of predominately African American elementary students with asthma reported half as many absences, 8 per year, but a similar proportion being asthma-related (31%). 35 Risk factors for absenteeism include poor health, obesity, poorly controlled asthma, low household income, and attending schools where many students are NSLP eligible. 36, 37 Our null finding should be viewed cautiously in light of the robust literature on school-based asthma programs in general and supervised therapy in particular. 38 By minimizing the research team's involvement with program implementation, we likely identified several areas critical to bridging the gap between efficacy and effectiveness. If greater than 60% calendar adherence is needed to induce asthma control, then supervised therapy alone might be insufficient without also addressing medication adherence at home. Although relying on self-reported asthma for program eligibility is simple and inexpensive, it might lead to overtreatment in a subset of students with mild asthma who are unlikely to benefit. Increasing medication adherence alone might not be sufficient to overcome the social and environmental circumstances in which children with asthma live, learn, and play because socioeconomic status, environmental exposures, obesity, and stress all make it difficult to maintain asthma control. Lastly, because the SAMS study enrolled a unique population of low-income Latino students who were predominantly of Mexican origin, generalizability to other settings and populations cannot be assumed. Furthermore, only 39% of eligible children enrolled in the SAMS study. In Arizona 11% of children live with at least 1 parent who is an unauthorized immigrant, with a greater proportion concentrated among border communities like Tucson. 39 Even if both parents are legal residents, extended family members might be unauthorized. Such families tend to be less likely to interact with government programs, nonprofit organizations, and the health care system. 40 In conclusion, the SAMS study demonstrated that supervised therapy is feasible in schools with dedicated health assistants, school nurses, or both. With minimal interruption of their work routine or the students' education, school health personnel ensured near 100% adherence with daily ICS administration when children were present at school. However, this might still be insufficient to improve asthma outcomes because of countervailing forces, such as frequent school absences, poor at-home adherence, and detrimental social and environmental exposures.
We acknowledge the assistance of Aimee Snyder and Ashely Lowe, 2 competent, caring, and detail-oriented public health doctoral students. We also acknowledge Sean McKenzie, a Master's in Public Health student, who helped create a developmentally appropriate K-2 version of the Open Airways for Schools curriculum. We also thank the administrators and staff of the TUSD who allowed us to work with their students and welcomed our interruptions of their daily routine. We owe a debt of gratitude to the numerous school nurses and health assistants who provided care to the children enrolled in our study. Lastly, we thank other University of Arizona students who helped us collect data and provide the Open Airways in School asthma education program as part of their applied public health training.
Clinical implications: School-supervised use of a once-daily ICS regimen achieved 53% calendar adherence; however, it did not improve asthma control, school absences, or health care use compared with usual care.
